Blind source separation (BSS) techniques are applied in many domains since they allow separating a set of signals from their observed mixture without the knowledge (or with very little knowledge) of the source signals or the mixing process. Two particular BSS techniques called Second-Order Blind Identification (SOBI) and Blind Modal Identification (BMID) are considered in this paper for the purpose of structural damage detection or fault diagnosis in mechanical systems. As shown on experimental examples, the BMID method reveals significant advantages. In addition, it is demonstrated that damage detection results may be improved significantly with the help of the block Hankel matrix. The main advantage in this case is that damage detection still remains possible when the number of available sensors is small or even reduced to one.
Introduction
Blind source separation (BSS) techniques are applied in many domains, since they allow separating a set of signals from their observed mixture, without the knowledge (or with very little knowledge) of the source signals or the mixing process. Among the methods in the BSS family, one can cite for example Principal Component Analysis (PCA) or Proper Orthogonal Decomposition (POD), Smooth Orthogonal Decomposition (SOD), Independent Component Analysis (ICA) and SecondOrder Blind Identification (SOBI). All of these methods have been exploited in many engineering applications owing to their versatility and their simplicity of practical use. For example, BSS techniques showed useful for modal identification from numerical and experimental data [1] [2] [3] [4] , for separating sources from traffic-induced building vibrations [5] and for damage detection and condition monitoring [6] [7] [8] .
McNeil and Zimmerman [9] proposed recently a methodology for modal identification based on BSS techniques, called Blind Modal Identification (BMID). This method uses a BSS algorithm like SOBI to decompose an augmented and pretreated dataset. BMID is distinct from other usual BSS methods as it allows to estimate complex mode shapes which may occur in real-world structures.
In reference [9] , BMID has been shown more advantageous than some traditional methods for the purpose of modal identification. In the present paper, BMID is exploited to tackle the problem of structural damage detection or fault diagnosis in mechanical systems. Its performance is compared to another BSS method, namely the SOBI method. Thanks to the use of the block Hankel matrix, detection remains possible even if the number of available sensors is small. The proposed method is illustrated on experimental applications such as damage detection in an aircraft mock-up, fault diagnosis of rotating devices and quality control of welded joints.
SOBI algorithm and its extension called BMID

SOBI algorithm
Second-order blind identification was introduced by Belouchrani et al. [10] . Like other BSS approaches, SOBI considers observed signals x(t) as a noisy instantaneous linear mixture of source signals s(t). In many situations, multidimensional observations are represented as: The transfer matrix A between the sources and the sensors is called the mixing matrix. ( ) t σ is the noise vector, modelled as a stationary white noise of zero mean and is assumed to be independent of the sources.
The SOBI method attempts to extract the sources s(t) and the mixing matrix A from the observed data x(t). It relies on the second order statistics and is based on the diagonalization of time-lagged covariance matrices according to some assumptions on the source signals. A detailed description of the SOBI procedure may be found in reference [10] .
